Currently the combustion parameters of poultry processing dewatered sludge (PPDS) are not well understood in depth where our knowledge on this matter is largely based on very limited data. Preliminary results of combustion parameters from the Thermal Gravimetric Analysis (TGA) have recently been considered as an important guideline for combustion setup. This paper is aimed at investigating the ignition, maximum and burnout temperature of PPDS combustion. This combustion experiments were conducted using the TGA under 5 and 20 o C/min heating rates respectively. The experimental were set up under non-isothermal temperature conditions with oxidative atmospheres over the temperature range of 25-900 o C. In addition to that, a proximate test was performed as a reference to compare the results.
INTRODUCTION
The poultry-processing related industry is one of the major contributors to the biomass waste that has generated a substantial amount of processed chicken by-products not intended for human consumption [1] . This waste consists of trimmings, feathers, blood, internal organs and other byproducts that are rich in proteins and fats [1] . It enters into a waste water treatment process within the processing plant and leaves with sludge known as Poultry-Processing-Dewatered-Sludge (PPDS) [2] .
In an earlier study, the substantial heating values locked-in PPDS were discovered [3] . They found PPDS in dry base to have a high potential to become a valuable fuel with HHV at around 27-32 MJ/kg. These are indicators of a potential fuel source especially when there is evidence that the PPDS' HHV is reaching the power plant grade coal. To be a valuable fuel, there is a process of scientific research needed on combustion parameters of PPDS [4] .
There are several studies in literature that focus on the determination of fuel combustion parameters by employing Thermogravimetric analysis (TGA) and derivative Thermogravimetric (DTG) through isothermal [5] and non-isothermal methods [6] . Meanwhile, the experts are still debating on the best method for the determination of combustion characteristics (e.g. peak temperature, burnout temperature and activation energy) of coals and chars and other combustible materials. This procedure is strongly affected by ash content, particle size, gas flow rate and heating rate.
The knowledge of practical determination of ignition temperature [7] , as well as the combustion parameters in fuel combustion processes, is among the most important features in different practical situations related to the technological use of fuels. However, the characterization of ignition is complicated. For this reason, different experimental techniques may result in widely differing ignition temperatures for the same fuel [8] .
The main purpose of this study is to develop combustion parameters to turn PPDS into an energy source for sludge-derived fuel that will not pollute the environment and further increase the added value from the recycling of the organic sludge. Due to the lack of properties' information in terms of its performance as a fuel, it's really important to identify and analyze PPDS' ignition temperature, burnout temperature and maximum temperature before its utilization in a power plant for energy recovery.
EXPERIMENTAL SETUP
2.1 Materials. PPDS from a broiler chicken processing factory obtained in Manjung, Malaysia were used as samples. The samples were oven-dried at 105 o C until a given constant value of weight. After that, the samples were grounded and sieved to obtain samples at the size of 2.0mm.
Proximate analysis
To measure inherent moisture, volatile matter, fixed carbon and ash content, a NETZSCH model STA 449 F3 JUPITER was used. Inert gas (Nitrogen) was used as a flow gas during the heating up process from 25 0 C until it reached 900 o C to cover the drying and devolatilization stages. A heating rate of 5 o C/min was then applied. After that, oxygen was introduced at 900 o C until it reached 1500 o C during each test run to initiate combustion and all effects related to this mode of thermal treatment was then recorded.
Combustion Analysis.
Combustion analysis was determined using Thermal Gravimetric Analyzer (NETZSCH model STA 449 F3 JUPITER). Approximately, an Al 2 O 3 crucible with a filling of 10 mg PPDS samples were heated from 25 o C and up to 900 o C at two selected constant heating rates (5 and 20 o C/min). Experiments were carried out under non-isothermal conditions and using oxygen as the reactant gas. Weight loss (TG) curves and weight loss rate (DTG) curves were then obtained as a function of temperature. The same experiment was repeated at least five times to ensure the accuracy of results. Figure 1 displays the proximate analysis of TG-DTG-DSC results for the dry PPDS sample. Between 70°C -120 o C, one mass loss step of 3.12% occurred which was due to the release of inherent moisture. These mass loss steps were accompanied by an endothermic DSC effect with an enthalpy of 72 J/g. Between about 120°C and 900°C, three mass loss steps of 27.18%, 29.20% and 20.85% occurred which was due to the pyrolytic decomposition of the sample. This total mass loss is referred to as the volatile matter. After switching the gas atmosphere to O2, a further mass loss step of 8.31% occurred due to the burning-up of carbon. This effect was accompanied by a strongly exothermic DSC signal with an enthalpy of -2.2 kJ/g. No further mass loss occurred at higher temperatures and the residual mass was 11.35% which reflected the ash content. These results will be an important guideline for the explanation of the thermal decomposition in the TGA test under a non-isothermal condition. Figure 2 and 3 show the TGA results for combustion analysis setting that provides a prior knowledge of important combustion temperature for thermal degradation. In addition to that, ignition temperature and burnout temperature were used to describe the combustion performance of fuels. The lower the ignition temperature was, the easier it was for fuels to ignite while the low the burnout temperature was, the less time it took for fuels to burn out, and the less combustible matter in the ash.
RESULTS AND DISCUSSION

Figure 1: TG-DTG-DSC results of PPDS combustion
Basically, the DTG curves of PPDS combustion showed three peaks. Even though both graphs showed the same plotted behavior, this chemical decomposition phenomenon is strongly explicitly with 20 o C/min heating rate setting, thus agreed with several previous experiments [5] [8] [10] .
On Figure 2 , the initial released of volatile matter was observed in the temperature range of 120-200 0 C with about 35% mass loss detected in the DTG curve. This first peak has skipped the drying stage because the moisture percentage was lost in a definitive short time. The second peak was caused by the decomposition of more complex organic structures corresponding to a larger fraction. This second devolatilization stage was observed between 200 o C and 420 o C with mass loss around 40% of its total PPDS weight. The third peak corresponded to combustion for around 8% of fixed carbon. The combustion completed at between 400 o C to 450 o C with balance 11% of incombustible material that can be considered as ash content. The results of PPDS combustion (in graph mode) were analyzed based on Q. M. Yu et al [9] to determine the relevant combustion parameters; the ignition, burnout and maximum temperature as can be seen in Table 1 . In the comparison with other biomass combustion, we have proven that PPDS agreed with the references [10] , where biomass had low ignition temperature and burnout temperature. The ignition temperature and burnout temperature of PPDS were 400-430 o C and 460-510 o C respectively. Table 1 shows all the finding results for PPDS combustion parameters.
Combustion of PPDS trough TGA showed a slightly different value of combustion parameters when the heating rate was increased. For example, at 5 o C/min (Fig.2) , the Ti was approximately at 429 o C. However, we found that PPDS can start combustion at only 400 o C when the heating rate was increased to 20 o C/min, which was due to a larger thermal shock absorbed in a short period, thus to the reaction rate with oxygen accelerated. The same ideology was shown by Tmax at every stage. Tmax for vaporization stage was increasing with the addition of heating rates values. The highest Tmax was 90 o C at 20 o C/min. Therefore, for a stabile drying process, PPDS needed a low heating rate for an effective result. The highest burnout temperature for PPDS was 511 o C at 20 o C/min. Based on the TG curves, this result may cause an increasing value of ash in a complete combustion. PPDS required the lowest heating rates for an efficient combustion because the amount of ash was just around 10 % at 5 o C/min. When being considered for the amount of ash, PPDS was advantageous when compare to coal which usually poses a problem on boiler ash disposal when producing approximately 40% of ash. The important combustion temperature have been recorded based on 5 o C/min heating rate setting and is showed in Fig. 4 .
Figure4. PPDS Combustion Route Based on Temperature Condition
CONCLUSIONS
The basic combustion parameter of Malaysian Poultry Processing Dewatered Sludge (PPDS) was successfully carried out to evaluate its potential source of energy. The samples collected from a local waste-water treatment plant (Manjung) of chicken broiler factory were found to have the potential as a fuel for combustion in an energy recovery plant.
The findings from the current work managed to find early indicators to the potential use of PPDS in a full scale energy conversion application. The research results showed that the combustion process of PPDS can be broadly separated into three stages: evaporation of water, release and combustion of volatile, and combustion of fixed carbon. PPDS have been found to be able to combust easier with less power required for starter because of its low ignition temperature due to high amount of volatile matter. This can also be an advantage for combustion besides its low burnout temperature. With low amount of ash, the cleaning process at the end of combustion becomes easier to handle. Maximum temperature reached at the combustion of fixed carbon stage also offers an advantage for material selection on the reactor development.
